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METHOD OF MANUFACTURING A 
SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of co-pending application 
Ser. No. 12/062,731 filed on Apr. 4, 2008, which claims 
foreign priority to Japanese patent application No. 2007 
098102. The content of each of these applications is hereby 
expressly incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor manufac 

turing apparatus and a manufacturing method of a semicon 
ductor device. 

2. Description of Related Art 
Manufacturing methods of a semiconductor device gener 

ally include a wafer process in which a semiconductor wafer 
is processed, an assembly process and an inspection process. 
Japanese Laid Open Patent Application (JP-A-Heisei, 
7-37870) and Japanese Laid Open Patent Application (JP-A- 
Heisei, 10-144495) disclose semiconductor manufacturing 
apparatus used in Such wafer process. 

FIG. 1 shows the semiconductor manufacturing apparatus 
101 disclosed in Japanese Laid Open Patent Application (JP 
A-Heisei, 7-37870). The semiconductor manufacturing appa 
ratus 101 is used to remove resist from a wafer 127. The 
semiconductor manufacturing apparatus 101 includes a bell 
jar 102, a gas supplier 103, a vacuum chamber 104, a first 
electrode 106, a second electrode 111, a heater 114 and a 
conductive member 120. The bell jar 102 is made of quartz. 
The gas supplier 103 is connected to a top of the belljar 102. 
A bottom of the belljar 102 forms a flange. The bottom of the 
belljar 102 is joined to a ceiling of the vacuum chamber 104. 
A shield electrode 112 forms a part of the ceiling of the 
vacuum chamber 104. The shield electrode 112 has holes 113 
connecting inside of the bell jar 102 to inside of the vacuum 
chamber 104. The shield electrode 112 is grounded. The first 
electrode 106 and the second electrode 111 are placed outside 
of the belljar 102. The conductive member 120 connects the 
first electrode 106 to a radio frequency power supply 118. The 
second electrode 111 is grounded. The heater 114 is placed in 
the vacuum chamber 104 and heats the wafer 127. A vacuum 
pump (not shown) connected to the vacuum chamber 104 
exhausts the vacuum chamber 104 and the bell jar 102. The 
gas supplier 103 supplies oxygen gas 121 into the belljar 102. 
The radio frequency power supply 118 supplies radio fre 
quency power to the first electrode 106 via the conductive 
member 120 and then energizes the oxygen gas 121 to form 
plasma 122 in the bell jar 102. The plasma 122 contains 
oxygen molecules, oxygenatoms, oxygen ions 122 enter the 
vacuum chamber 104 through the holes 113 and reacts with 
the resist on the wafer 127. Due to the reaction, the resist is 
removed from the wafer 127. Gas generated by the reaction is 
exhausted from the vacuum chamber 104 by the vacuum 
pump. 

The present inventor has discovered that when the vacuum 
pump exhausts the vacuum chamber and belljar 102, pressure 
difference is generated between inside and outside of the bell 
jar 102. Due to the pressure difference, the bell jar 102 is 
pressed onto the vacuum chamber 104. When an O ring seals 
between the belljar 102 and the ceiling of the vacuum cham 
ber 104, the O ring deforms and the belljar 102 moves toward 
the vacuum chamber 104. When the first electrode 106 is 
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2 
fixed to the bell jar 102 and the conductive member 120 
connecting the first electrode 106 to the radio frequency 
power Supply 118 is a rigid body, due to repeated generation 
of the pressure difference, repeated load is applied to the bell 
jar 102 and the first electrode 106. The repeated load may 
destroy the belljar 102 and the first electrode 106. 

SUMMARY 

In one embodiment, a semiconductor manufacturing appa 
ratus includes a chamber, a gas Supplier configured to Supply 
gas into the chamber, a vacuum pump configured to exhaust 
the chamber, an electrode which is placed outside of the 
chamber and fixed to the chamber, a conductive knitted wire 
mesh and a radio frequency power Supply configured to Sup 
ply radio frequency power to the electrode through the con 
ductive knitted wire mesh. 

According to the embodiment, the conductive knitted wire 
mesh deforms to accommodate a movement of the chamber 
when the pressure in the chamber is reduced. Thus, the semi 
conductor manufacturing apparatus is prevented from being 
destroyed. 

In another embodiment, a manufacturing method of a 
semiconductor device includes Supplying gas into a chamber 
exhausted by a vacuum pump, generating plasma in the cham 
ber by Supplying radio frequency power through a conductive 
knitted wire mesh to an electrode which is placed outside of 
the chamber and fixed to the chamber, and processing a to-be 
processed material by using the plasma. 

According to the other embodiment, the conductive knitted 
wire mesh deforms to accommodate a movement of the 
chamber when the pressure in the chamber is reduced. Thus, 
a semiconductor manufacturing apparatus is prevented from 
being destroyed which includes the chamber and the elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features of the 
present invention will be more apparent from the following 
description of certain preferred embodiments taken in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a sectional view of a semiconductor manufactur 
ing apparatus according to related art; 

FIG. 2 is a side view of a semiconductor manufacturing 
apparatus according to a first embodiment of the present 
invention; 

FIG. 3 is a partial exploded view of the semiconductor 
manufacturing apparatus; 

FIG. 4 is a plan view of a conductive member of the 
semiconductor manufacturing apparatus; and 

FIG. 5 is a top view of the semiconductor manufacturing 
apparatus. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The invention will be now described herein with reference 
to illustrative embodiments. Those skilled in the art will rec 
ognize that many alternative embodiments can be accom 
plished using the teachings of the present invention and that 
the invention is not limited to the embodiments illustrated for 
explanatory purposes. 

FIG. 2 shows a semiconductor manufacturing apparatus 1 
according to a first embodiment of the present invention. The 
semiconductor manufacturing apparatus 1 is used for, for 
example, dry etching of a wafer. The semiconductor manu 
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facturing apparatus 1 includes a chamber 2, a gas Supplier (or 
gas Supply line)3, a vacuum chamber 4, a vacuum pump 5, a 
first electrode 6, a second electrode 11, an insulator 16, an 
insulator 17 (not shown in FIG. 2), a radio frequency power 
supply 18, conductive plates 19, conductive plates 20, con 
ductive members 21, a seal member 25 and a base 26. 
The chamber 2 is, for example, a bell jar made of quartz. 

The gas supplier 3 is connected to a top of the chamber 2. A 
bottom of the chamber 2 forms a flange. The bottom of the 
chamber 2 is joined to a ceiling of the vacuum chamber 4 via 
the seal member 25. The seal member 25 is, for example, an 
O ring. The ceiling of the vacuum chamber 4 has a hole 4a 
connecting inside of the vacuum chamber 4 to inside of the 
chamber 2. The base 26 is placed in the vacuum chamber 4 
and is grounded. The base 26 Supports a to-be-processed 
material 27 Such as semiconductor wafer. The vacuum pump 
5 is connected to the vacuum chamber 4. The first electrode 6 
and the second electrode 11 are placed outside of the chamber 
2. The first electrodes 6 and the second electrode 11 are made 
of aluminum, for example. Each of the first electrode 6 and 
the second electrode 11 is wound around the chamber 2. The 
first electrode 6, the second electrode 11, the insulator 16 and 
the insulator 17 are fixed to the chamber 2. The second elec 
trode 11 is grounded. The conductive plates 19 are fixed to the 
first electrode 6. The conductive plates 20 are fixed to the 
radio frequency power supply 18. Each of the conductive 
members 21 has one end and the other end opposite to the one 
end. The one end of the conductive member 21 is mechani 
cally fixed to the conductive plate 20 with a bolt and a nut (not 
shown). The conductive plate 20 has a hole 20a for fixing the 
one end of the conductive member 21 with the bolt and the 
nut. The hole 20a penetrates through the conductive plate 20. 
The other end of the conductive member 21 is mechanically 
fixed to the conductive plate 19 with a bolt and a nut (not 
shown). The conductive plate 19 has a hole 19a for fixing the 
other end of the conductive member 21 with the bolt and the 
nut. The hole 19a penetrates through the conductive plate 19. 
The conductive member 21 electrically connects the first 
electrode 6 to the radio frequency power supply 18. The first 
electrode 6 is grounded via the conductive plates 19, the 
conductive members 21, the conductive plates 20 and the 
radio frequency power Supply 18. The radio frequency power 
Supply 18 has a radio frequency power source and a matching 
box for impedance matching. 

The vacuum pump 5 exhausts the chamber 2 and the 
vacuum chamber 4. The gas Supplier 103 Supplies gas to 
generate plasma into the bell jar 102. The radio frequency 
power Supply 18 Supplies radio frequency power to the first 
electrode 6 via the conductive plates 20, the conductive mem 
bers 21 and the conductive plates 19 to generates plasma in 
the chamber 2. The semiconductor manufacturing apparatus 
1 processes the to-be-processed material 27 by using the 
plasma. A part of the gas to generate plasma reacts with the 
to-be-processed material 27 to generate product gas and 
another part of the gas to generate plasma does not react. The 
vacuum pump 5 exhausts the product gas and the other part of 
the gas to generate plasma from the vacuum chamber 4. After 
a wafer process, an assembly process and an inspection pro 
cess are executed for the to-be-processed material 27 pro 
cessed by the semiconductor manufacturing apparatus 1. 
Semiconductor devices are manufactured from the to-be-pro 
cessed material 27. 
A detailed structure of the semiconductor manufacturing 

apparatus 1 will be described below. 
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4 
FIG. 3 is a partial exploded view of the semiconductor 

manufacturing apparatus 1. The semiconductor manufactur 
ing apparatus 1 includes connecting member 9, 10, 14 and 15 
as conductors. 
The first electrode 6 includes curved belt-like plates 7 and 

8. The curved belt-like plates 7 and 8 are arranged both sides 
of an axis of the chamber 2 and face each other in a first 
direction across the chamber 2. The first direction is perpen 
dicular to the axis. The curved belt-like plate 7 has one end 
and the other end opposite to the one end. The one end of the 
curved belt-like plate 7 has a hole 7a penetrating there 
through. The other end of the curved belt-like plate 7 has a 
hole 7b penetrating therethrough. The curved belt-like plate 7 
is curved between the one end and the other end. Each of two 
conductive plates 19 has one end and the other end opposite to 
the one end. The one end of the conductive plate 19 has a hole 
19a penetrating therethrough. The other end of the conductive 
plate 19 has a hole 19b penetrating therethrough. The con 
ductive plate 19 has a bend between the one end and the other 
end, and notches are formed in the other end such that the 
notches correspond to steps on the insulator 16 or 17. Each 
conductive plate 19 is prepared by bending an aluminum plate 
and making the notches in the aluminum plate. The curved 
belt-like plate 8 has one end and the other end opposite to the 
one end. The one end of the curved belt-like plate 8 has a hole 
8a penetrating therethrough. The other end of the curved 
belt-like plate 8 has a hole 8b penetrating therethrough. The 
curved belt-like plate 8 is curved between the one end and the 
other end. 
The second electrode 11 includes curved belt-like plates 12 

and 13. The curved belt-like plates 12 and 13 are arranged 
both sides of the axis of the chamber 2 and face each other in 
the first direction across the chamber 2. The curved belt-like 
plate 12 has one end and the other end opposite to the one end. 
The one end of the curved belt-like plate 12 has a hole 12a 
penetrating therethrough. The other end of the curved belt 
like plate 12 has a hole 12b penetrating therethrough. The 
curved belt-like plate 12 is curved between the one end and 
the other end. The curved belt-like plate 13 has one end and 
the other end opposite to the one end. The one end of the 
curved belt-like plate 13 has a hole 13a penetrating there 
through. The other end of the curved belt-like plate 13 has a 
hole 13b penetrating therethrough. The curved belt-like plate 
13 is curved between the one end and the other end. 
The connecting member 9 has one end and the other end 

opposite to the one end. Each of the one end and the other end 
is shaped like a plate. The one end faces the other end. Each 
of the one end and the other end has a hole 9a penetrating 
therethrough. The connecting member 10 has one end and the 
other end opposite to the one end. Each of the one end and the 
other end is shaped like a plate. The one end faces the other 
end. Each of the one end and the other end has a hole 10a 
penetrating therethrough. The connecting member 14 has one 
end and the other end opposite to the one end. Each of the one 
end and the other end is shaped like a plate. The one end faces 
the other end. Each of the one end and the other end has a hole 
14a penetrating therethrough. The connecting member 15 has 
one end and the other end opposite to the one end. Each of the 
one end and the other end is shaped like a plate. The one end 
faces the other end. Each of the one end and the other end has 
a hole 15a penetrating therethrough. 

Each of the insulators 16 and 17 extends parallel to the axis 
of the chamber 2. The axis extends from the bottom to the top 
of the chamber 2. The insulator 16 has holes 16a and 16b. The 
holes 16a and 16b are arranged in different positions along 
the extending direction of the insulator 16. The insulator 17 
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has holes 17a and 17b. The holes 17a and 17b are arranged in 
different positions along the extending direction of the insu 
lator 17. 
The other end of one of conductive plates 19, the one end of 

the curved belt-like plate 7, the one end of the connecting 
member 9, the insulator 17, the other end of the connecting 
member 9 and the one end of the curved belt-like plate 8 are 
arranged along a line parallel to the first direction in this order. 
The holes 19b, 7a, 9a, 17a and 8a overlap each other. The 
other end of the other of the conductive plates 19, the other 
end of the curved belt-like plate 7, the one end of the con 
necting member 10, the insulator 16, the other end of the 
connecting member 10 and the other end of the curved belt 
like plate 8 are arranged along a line parallel to the first 
direction in this order. The holes 19b, 7b, 10a, 16a and 8b 
overlap each other. 
The one end of the curved belt-like plate 12, the one end of 

the connecting member 14, the insulator 17, the other end of 
the connecting member 14 and the one end of the curved 
belt-like plate 13 are arranged along a line parallel to the first 
direction in this order. The holes 12a, 14a, 17b and 13a 
overlap each other. The other end of the curved belt-like plate 
12, the one end of the connecting member 15, the insulator 16, 
the other end of the connecting member 15 and the other end 
of the curved belt-like plate 13 are arranged along a line 
parallel to the first direction in this order. The holes 12b. 15a, 
16b and 13.b overlap each other. 
A bolt (not shown) is inserted into the holes 19b, 7a, 9a, 

17a and 8a and a nut (not shown) is tightened to the bolt. A 
bolt (not shown) is inserted into the holes 19b, 7b, 10a, 16a 
and 8b and a nut (not shown) is tightened to the bolt. A bolt 
(not shown) is inserted into the holes 12a, 14a, 17b and 13a 
and a nut (not shown) is tightened to the bolt. A bolt (not 
shown) is inserted into the hole 12b. 15a, 16b and 13b and a 
nut (not shown) is tightened to the bolt. 
The chamber 2, the first electrode 6, the second electrode 

11, the conductive plates 19, the insulator 16 and the insulator 
17 are fixed to one another with these bolts and nuts. There 
fore, the conductive plates 19 and the first electrode 6 (curved 
belt-like plates 7 and 8) have the same electrical potential. 

FIG. 4 shows the conductive member 21. The conductive 
member 21 has a conductive knitted wire mesh 22 and crimp 
terminals 23 and 24. The crimp terminal 23 has a hole 23a 
penetrating therethrough. The crimp terminal 24 has a hole 
24a penetrating therethrough. The conductive knitted wire 
mesh 22 has one end and the other end opposite to the one end. 
The crimp terminal 23 is crimped to the one end of the 
conductive knitted wire mesh 22. The crimp terminal 24 is 
crimped to the other end of the conductive knitted wire mesh 
22. 

FIG. 5 is a top view of the semiconductor manufacturing 
apparatus 1. The conductive plate 20 and the crimp terminal 
23 are placed such that the hole 20a and the hole 23a overlap 
each other. The bolt (not shown) is inserted into the holes 20a 
and 23a and the nut (not shown) is tightened to the bolt, 
thereby fixing the crimp terminal 23 to the conductive plate 
20. The conductive plate 19 and the crimp terminal 24 are 
placed such that the holes 19a and 24a overlap each other. The 
bolt (not shown) is inserted into the holes 19a and 24a and the 
nut (not shown) is tightened to the bolt, thereby fixing the 
crimp terminal 24 to the conductive plate 19. 
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6 
In the present embodiment, when pressure in the chamber 

2 is reduced and the chamber 2 moves toward the vacuum 
chamber 4, the conductive knitted wire mesh 22 deforms to 
accommodate the movement of the chamber 2. For this rea 
son, the chamber 2 and the first electrode 6 are prevented from 
being destroyed, and resulting in increase in lives of the 
chamber 2 and the first electrode 6. Furthermore, time for 
connecting the radio frequency power Supply 18 to the first 
electrode 6 and time for impedance matching are reduced. 

It is preferred that the conductive knitted wire mesh 22 is a 
knitted copper wire mesh which includes a knitted copper 
wire. Since copper has high toughness, even when the con 
ductive knitted wire mesh 22 deforms repeatedly, the copper 
wire is hard to be cut. 
When the radio frequency power supply 18 supplies radio 

frequency power to the first electrode 6, the conductive mem 
ber 21 generates heat. Thus, it is preferred that the conductive 
member 21 is covered with a chrome-plated film. The 
chrome-plated film prevents thermal oxidation of the conduc 
tive member 21. 

Furthermore, when the conductive knitted wire mesh 22 
connects the radio frequency power Supply 18 and the first 
electrode 6 in a curved or bent state, the conductive knitted 
wire mesh 22 can accommodate the movement of the cham 
ber 2 in any direction. 

In addition, it is preferred that a plurality of units each 
including the conductive plate 19, the conductive plate 20 and 
the conductive member 21 are provided. Supply of radio 
frequency power can be secured in the case. It is also possible 
that the unit is provided solely. 
When the plurality of units are provided, it is preferred that 

the plurality of units are arranged plane symmetrically with 
respect to a plane S containing the axis of the chamber 2. 
Electrical field which is symmetrical with respect to the plane 
S is generated in the chamber 2, resulting in uniform quality 
for the semiconductor devices manufactured from the to-be 
processed material 27. For example, as shown in FIG. 5, a first 
unit of the plurality of units is placed one side of the plane S 
and a second unit of the plurality of units is placed the other 
side of the plane S. The conductive knitted wire mesh 22 of 
the first unit and the conductive knitted wire mesh 22 of the 
second unit are bent or curved along a cylindrical Surface 
which is plane symmetrical with respect to the plane S. 

It is apparent that the present invention is not limited to the 
above embodiments, but may be modified and changed with 
out departing from the scope and spirit of the invention. 

It should also be noted that this application is based upon 
and claims the benefit of priority from Japanese patent appli 
cation No. 2007-098102, filed on Apr. 4, 2007, the disclosure 
of which is incorporated herein in its entirely by reference. 
What is claimed is: 
1. A manufacturing method of a semiconductor device, 

comprising: 
Supplying gas into a chamber exhausted by a vacuum 
pump; 

generating plasma in said chamber by Supplying radio 
frequency power through a conductive knitted wire 
mesh to an electrode which is placed outside of said 
chamber and fixed to said chamber; and 

processing a to-be-processed material by using said 
plasma. 


